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Recombination within the coding region of the nonstructural genes of minute virus of mice (MVM), which generates
functional levels of wild-type NS1, was observed in the absence of selective pressure following cotransfection of nonrepli-
cating plasmids. P38 activity was used as a measure of recombinant NS1 production, which, together with direct detection
of recombinant-generated products by RT-PCR, allowed an estimation of recombination efficiency. In addition, we show that
very low levels of wild-type NS1 were able to significantly transactivate P38. Given that recombination following cotrans-
fection can generate NS1 at these levels, our observations have implications for the study of parvoviral genetics, the
construction of recombinant parvoviral vectors for gene therapy applications, and perhaps other systems using cotransfec-
tion of plasmids that share homologous sequences. © 2000 Academic Press
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Minute virus of mice (MVM) is an autonomous parvo-
virus containing a single-stranded DNA genome of ap-
proximately 5 kb in length, which is organized into two
overlapping transcription units with promoters at map
units 4 (P4) and 38 (P38) (see Fig. 1). Pre-mRNAs gener-
ated by the viral P4 promoter are alternatively spliced to
yield the R1 and R2 transcripts, which encode the large
nonstructural protein NS1 and the small nonstructural
protein NS2, respectively. The late promoter P38 gener-
ates the R3 transcripts that encode the viral capsid
proteins, VP1 and VP2 [see Cotmore and Tattersall (1987)
for review].
P38 requires activation by NS1, an 83-kDa phospho-
protein found primarily in the nucleus (Cotmore and
Tattersall, 1987). NS1 is a site-specific DNA-binding pro-
tein, known to interact with a number of cellular proteins
during its roles in transcriptional activation and genome
replication (Belgrader et al., 1993; Krady and Ward, 1995;
Lorson et al., 1996, 1998; Christensen et al., 1997, 1999;
Cziepluch et al., 1998; Cotmore and Tattersall, 1998). The
P38 promoter is relatively simple. Its basal activity is very
low; however, it is stimulated by NS1 to high-level activity
(Lorson and Pintel, 1997). Full NS1 transactivation of P38
requires a TATA box, an SP1 site, and a transactivation
esponsive region (TAR) upstream that contains a strong
S1-binding site (Gavin and Ward, 1990; Christensen et
l., 1993, 1995; Lorson et al., 1996, 1998; Lorson and
intel, 1997).
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128Previous studies have implicated the C-terminal re-
ion of NS1 as both necessary and sufficient for P38
ctivation. In general, these studies relied on less than
ull-length, or even synthetic, promoter constructs, which
n most cases were used to drive reporter genes whose
rotein products were assayed as a measure of NS1
ransactivation (Skiadopoulos et al., 1992; Legendre and
ommelaere, 1994; Jindal et al., 1994). Recently, however,
he genomic context of P38 has been shown to play an
mportant role in determining the cis-acting requirements
or transactivation by NS1 (Lorson and Pintel, 1997; Lor-
on et al., 1998). Specifically, it has been demonstrated
hat the P38 promoter shows a significantly greater de-
endence on the SP1 site and TAR region upstream of
he P38 TATA box in minimal promoter constructs than it
oes within the context of the complete genome (Lorson
nd Pintel, 1997; Lorson et al., 1998). In addition, P38 also
esponds to heterologous enhancer sequences within
inimal promoter constructs, but is unresponsive to the
ame enhancers when they are introduced upstream of
38 in a genomic context (Lorson and Pintel, 1997; Lor-
on et al., 1998). These results suggest that P38 activity
n the context of the complete genome is more complex
han within minimal constructs. In addition, we have
ecently shown that NS1 interacts with members of the
eneral transcription factors (GTFs), namely SP1, TBP,
nd TFIIA (Lorson et al., 1998). Subsequent protein-bind-
ng studies have determined that the C-terminal region of
S1 is dispensable for such interactions (data not
hown), further suggesting that NS1 transactivation dur-
ng infection may be more complex than previously ap-
reciated. Taken together, these observations indicated
hat a comprehensive reevaluation of the transactivating
D129RECOMBINATION OF MVM PLASMIDScapabilities of NS1 was warranted, in which correctly
initiated RNA from P38 within the context of the complete
genome was examined. We therefore developed a co-
transfection system designed to determine the minimal
NS1 molecule both necessary and sufficient for transac-
tivation of P38 in a full-length genomic context.
The system that we developed, however, was unprof-
itable for those purposes because we now find that
following cotransfection, MVM-containing mutant plas-
mids can recombine to generate functional levels of
wild-type NS1. Specifically, in this report, we show that
recombination between nonreplicating plasmids can oc-
cur frequently enough within a homologous region as
small as 105 nt within the nonstructural genes of MVM, to
generate wild-type NS1 at levels sufficient to observe
significant activation of P38 even under nonselective
conditions. P38 activity was used as a measure of re-
combinant NS1 production and, together with identifica-
tion of recombinant-generated products by RT-PCR, al-
lowed us to estimate the efficiency of recombination. In
addition, we show that surprisingly low levels of wild-
type NS1 were able to significantly transactivate P38.
Because recombination following cotransfection can
generate NS1 at these levels, our observations under-
score previously noted concerns regarding the use of
cotransfection techniques involving parvovirus-contain-
ing plasmids to study aspects of parvoviral genetics and
for the generation of recombinant autonomous parvovi-
ruses for gene therapy applications (Merchlinsky et al.,
1983; Senapathy and Carter, 1984; Hogan and Faust,
1986; Skiadopoulos et al., 1992; Russell et al., 1992;
upont et al., 1994; Brandenburger, 1996; Avalosse et al.,
1996; Allen et al., 1997; Kestler et al., 1999).
RESULTS AND DISCUSSION
Plasmids bearing C-terminal NS1 truncations activate
full-length P38 reporter constructs after cotransfection
into murine cells. For reasons described above we at-
tempted to develop a system designed to more accu-
rately determine the minimum regions of NS1 both nec-
essary and sufficient for activation of P38 in its natural
context in the MVM genome. Effector plasmids that ex-
pressed truncated NS1 molecules driven by the SV40
early promoter were cotransfected together with nonrep-
licating P38 reporter plasmids containing the complete
MVM genome bearing either a translation termination
signal at nt position 385 in the NS1/NS2 ORF (p385UTT)
or a mutation of the NS1/NS2 initiating AUG at nt 260
(pD260AUG). The nucleotide sequence from 2016 to 2047
in the effector plasmid was made degenerate so that
RNA products from effector and reporter could be distin-
guished (see Fig. 1A).
We found that the P38 promoter of the reporter plasmid
p385UTT was efficiently transactivated following co-
transfection by all the NS1 mutant-expressing effector
plasmids tested, even plasmids expected to generateNS1 molecules as small as 83 aa (SV-409UTT; see Fig.
1B). In addition, although SV-385UTT, which was in-
cluded as a negative control in this experiment, was
unable to activate p385UTT, it was able to activate
pD260AUG (Fig. 1C). Even though these surprising re-
sults could be detected as early as 24 h following co-
transfection (data not shown), they led us to suspect that
the activation of P38 that we observed might be due to
the generation of WT NS1 by recombination between the
cotransfected plasmid molecules.
Genetic evidence for recombination in the nonstruc-
tural region. Recombination of plasmids to generate a
wild-type NS1 during cotransfection would require that
both a region of DNA homology and the full uninterrupted
NS1 coding region be present between the two plas-
mids. Further analysis confirmed that only in cases
where cotransfected plasmids met these requirements
was P38 transactivation seen. For example, SV-490UTT
was able to mediate activation of P38 on reporter plas-
mids p385UTT and p59D385, which provided homol-
ogous sequences upstream of the terminator at nt 490
(Fig. 2A), but not, however, of P38 on the reporter plas-
mids p59D514 or p59D652, which share no homologous
upstream sequences (Fig. 2A). p59D514 and p59D652
were transactivated, however, following cotransfection
with either SV-WT-NS1 or SV-1886UTT, which shares a
significant region of homology with both reporters (Fig.
2A). Similarly, cotransfection of SV-1086UTT resulted in
activation of P38 on p385UTT, p59D385, and p59D652
reporter plasmids but not p59D1086 (Fig. 2B). These re-
sults also confirmed that the transactivation observed in
these experiments was not due to wild-type NS1 gener-
ated by low-level read-through of the translation termi-
nation signals in the effector plasmids, since such read-
through would result in activation of all cotransfected
reporters. Results using SV-385UTT as an effector (Fig.
1B, right), from which no viral proteins can be generated
prior to recombination, also demonstrated that viral pro-
teins were not required for a putative recombination
event(s).
As mentioned above, the NS1 producing effector plas-
mids were constructed with a degenerate region down-
stream of P38, which allowed discrimination between
P38 activity of the effector and reporter by RNase pro-
tection assay using probes homologous to either. Con-
sistent with our suspicion that P38 transactivation in
these experiments was due to the generation of wild-
type NS1 by recombination events, we found that activity
of the reporter P38 promoter was always accompanied
by P38 activity from the effector plasmid and was ob-
served only during cotransfections where productive re-
combination was possible. For example, cotransfection
of SV915UTT with either p59D385 or p59D514 resulted in
detectable P38 activity from both effector and reporter;
however, no P38 activity was detected from either plas-
mid when SV915UTT was cotransfected with p59D1086
(Fig. 3A). Additionally, the two effector plasmids SV-
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wFIG. 1. Plasmids bearing C-terminal NS1 truncations activate full-length P38 reporter constructs after cotransfection into murine cells. (A) The
enetic map of MVM showing the three transcript classes and protein coding regions for each. A representation of the SV40 early promoter-driven
ffector plasmids is shown on top of the map. The position of the translation termination signals present in each individual effector plasmid is shown.
he region marked D represents an engineered degenerate sequence described under Materials and Methods. Below the map is shown a
epresentation of the P38 reporter plasmid, p385UTT, with the location of the translation termination signal shown. The line designated probe A shows
he location of the RNase protection probe used. (B) Transactivation of the P38 promoter following cotransfection of various effectors. (Left) The
ild-type HaeIII probe was used to protect 10 mg of total RNA from 1.5 3 106 murine A92L cells cotransfected with 3.0 mg of the reporter p385UTT
and 1.0 mg of the indicated SV-40-driven NS1 effector plasmid. MVM-specific products are indicated on the left. R3 transcripts originate from the P38
promoter following transactivation by NS1. Asterisks indicate HaeIII protected breakdown products generated from the SV40-driven plasmids
containing nonhomologous sequence D. (Right) Transactivation of the P38 promoter of reporter plasmid D260AUG following cotransfection of
SV-385UTT or SV-490UTT, exactly as described for the left panel.
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131RECOMBINATION OF MVM PLASMIDS1086UTT and SV-652UTT, which individually were unable
to activate the left-end deletion reporter plasmid
p59D1086, could activate the P38 promoter of p59D1086
when introduced together in a triple transfection (data
not shown). Such activation is most simply explained by
the generation of wild-type NS1 following recombination
between the two effector plasmids during this triple
transfection.
In our experiments, wild-type NS1 was most likely
generated from recombinant SV40-driven effectors de-
rived from a cross-over event(s) occurring between the
terminator at nt 385 (or the AUG deletion at nt 260) in the
reporter plasmid and the artificial termination signal in-
troduced into the NS1 gene of the effector. Consistent
with this model, a second mutation engineered into the
reporter plasmid downstream of the required productive
cross-over region, which was predicted to result in ter-
mination of such recombinant transcripts, abolished
transactivation by effector plasmids expressing trun-
cated NS1. SV514peitwf, constructed from a cDNA mol-
ecule that joins the large intron donor to the small intron
acceptor A1 (see Materials and Methods), was able to
transactivate P38 on the reporter plasmid pD260AUG,
FIG. 2. Transactivation of P38 on the reporter construct following cot
plasmid upstream of the translation terminator. RNase protection ass
wild-type HaeIII probe. Reporter plasmids, containing 59 deletions exten
otransfected with the SV-40 early promoter-driven effector plasmids s
r SV-1086UTT (B). MVM-specific transcripts are designated on the left
1 and R2 size fragments labeled with a plus sign indicate products r
ecombinant transcripts. Asterisks indicate HaeIII protected breakdowbut not pD260AUG/652UTT, in which a translation termi-
nation codon was included at nt 652, downstream of theproductive cross-over region (Fig. 3B). These results
strongly suggested that SV514peitwf activated
pD260AUG because a recombination event(s), occurring
after the initiating methionine at nt 260 of the reporter
molecule and before nt 514 on the effector molecule,
resulted in the production of a recombinant DNA mole-
cule that generated a SV40-driven mRNA molecule ca-
pable of producing wild-type NS1. In addition, since SV-
514peitwf lacks sequences between nt 514 and 2377,
these results also suggest that homology in the non-
structural region downstream of the recombination site
was not required for these events.
Both recombinant DNA and recombinant-generated
RNA molecules can be detected after cotransfection at
levels required for activation of P38. The level of trans-
activation seen following cotransfection in the above
experiments was substantial [similar results were also
seen following DEAE–dextran transfection (data not
shown)]. Could the low levels of recombination expected
during cotransfection generate the amount of NS1 re-
quired to activate P38 to these levels? Although in stan-
dard transfections we used high levels of effector plas-
tion occurs only in cases where homology is shared with the effector
re performed exactly as described in the legend to Fig. 1 using the
the nucleotide indicated, are shown at the bottom of the gels and were
t the top. These include SV-WT-NS1, SV-1886UTT, and SV-490UTT (A)
gels. p59D385, p59D514, p59D652, and p59D1086 lack the P4 promoter;
g from a combination of nonspecifically initiated, read-around, and/or
cts generated from the SV-40 driven plasmids.ransfec
ays we
ding to
hown a
of themids optimized to maximize P38 activity, closer exami-
nation showed that NS1 activity exhibited a surprisingly
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132 PEARSON AND PINTELbroad dose response. Cotransfection of as little as 30 pg
of wild-type NS1-expressing plasmid, which generated
R1 RNA at levels considerably less than could be de-
tected by RNase protection assay (data not shown), re-
sulted in detectable P38 activity of the p59D385 reporter
in our assays. We considered these levels to be poten-
tially consistent with levels that might be expected to be
generated by recombination during cotransfection.
Comparison of P38 activity generated following mutant
cotransfections (and presumably generated by NS1 de-
rived from recombinant molecules), to that following co-
FIG. 3. Genetic evidence for recombination in the nonstructural region
ctivity from the effector plasmid and only observed in cases of cotra
ffector plasmid was cotransfected with the indicated reporter plasmid
he HaeIII wild-type (detects reporter) or the degenerate probe (detects
aterials and Methods. R3 transcripts are indicated to the sides of
herefore total accumulation of R3 transcripts is lower for the effector.
pD260AUG/652UTT, which incorporates a second mutation on the repo
bands are labeled at the sides of the gel. Asterisks indicate HaeIII protransfection of various amounts of wild-type NS1 gener-
ating plasmid, allowed an indirect estimate of theamount of recombinant product generated in our co-
transfection experiments. The level of P38 activity from
p59D385 when 1.0 mg of SV-1086UTT was used as an
effector was similar to that seen following cotransfection
of 1–2 ng of SV-WT-NS1, suggesting a rate of 0.1–0.2%
productive recombination within a region of homology of
700 nt (Fig. 4). This rate is similar to that noted following
cotransfection of retroviral-containing plasmids into
chicken embryo fibroblasts (Miller and Temin, 1983).
Since only recombination events resulting in the produc-
tion of wild-type NS1 are detected in our assays, and
tivation of the reporter P38 promoter was always accompanied by P38
ns where productive recombination was possible. The SV40-915UTT
eled. Total RNA was analyzed by RNase protection assays with either
r SV-915UTT) as indicated at the bottom of the gel and described under
. The reporter to effector DNA ratio used for cotransfection was 3:1;
14peitwf activates, following cotransfection, P38 of pD260AUG but not
asmid downstream of the productive cross-over region. The protected
breakdown products generated from the SV-40-driven plasmids.. (A) Ac
nsfectio
s as lab
effecto
the gel
(B) SV5because these plasmids share more extended sequence
homology, the actual number of recombination events
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133RECOMBINATION OF MVM PLASMIDSthat occur is likely much higher than that observed in our
assay.
Our estimation of the levels of recombination product
produced based on P38 activity suggested that we could
also directly detect these products at both the DNA and
the RNA levels. The following differences between the
template and the effector plasmids allowed us to design
a PCR assay that could directly identify recombinant
DNA and RNA molecules generated following cotrans-
fection. Introduction of a translation termination cassette
at nt 1086 in the SV40-driven effector plasmid SV-
1086UTT replaced the wild-type EcoRI site at this posi-
tion with an AseI site. The reporter plasmid p59D385
FIG. 4. Comparison of the levels of recombinant-driven P38 activa-
ion. p59D385 reporter plasmid was cotransfected with increasing
mounts of SV-WT-NS1 as indicated or with 1.0 mg of SV-1086UTT. The
Nase protection assay was performed exactly as described in the
egend to Fig. 1 using the wild-type HaeIII probe. Specifically initiated
3 transcripts are indicated and fragments labeled with a plus sign
ndicate products resulting from a combination of nonspecifically initi-
ted, read-around, and/or recombinant transcripts. Activation of P38 on
he reporter plasmid can be seen when as little as 30 pg of SV-WT-NS1
s cotransfected. P38 activity due to recombination between SV-
086UTT and p59D385 is approximately the same as seen for between
and 2 ng of SV-WT-NS1.retains the wild-type EcoRI site at nt 1086, but lacks MVM
sequence upstream of nt 385. Thus, PCR primers com-plementary to regions at nt 330 and nt 1600 should
amplify only the effector plasmid or a recombinant mol-
ecule produced by a cross-over event between the SV40-
driven effector and reporter plasmid. The amplified prod-
ucts from recombinant and input plasmids, however,
would differ with respect to the sequence at nt 1086 (see
Fig. 5, bottom). When low-molecular-weight DNA isolated
from cotransfected cells was amplified by this PCR strat-
egy and subjected to differential restriction analysis, re-
combinant DNA products containing the EcoRI site (di-
agnostic of the expected recombinant product), and
which could theoretically generate R1 molecules encod-
ing wild-type NS1, were identified (data not shown). To
confirm that such DNA recombinants were competent to
generate mRNA, total RNA from cotransfections was
subjected to reverse transcription, amplified by PCR, and
analyzed as described above, with the addition of detec-
tion by Southern blotting (Fig. 5, top). As expected, when
SV-1086UTT was transfected alone, all RT-PCR amplifi-
cation products of mRNA originating from the SV40 pro-
moter contained the AseII site at nt 1086 within the
translation termination cassette. However, when
p59D385 was cotransfected with SV-1086UTT, a popula-
tion of mRNA molecules could be identified that origi-
nated from the SV40 promoter and contained the wild-
type EcoRI site at nt 1086. Such molecules could result
only from a cross-over event. Qualitatively, the amount of
“recombinant wild-type” mRNA seen following cotrans-
fection of p59D385 with 1.0 mg of SV-1086UTT was ap-
proximately equivalent to the amount of genuine wild-
type mRNA detected when 1.0 ng of SV-WT-NS1 was
used as an effector, suggesting that similar amounts of
NS1 were produced in each case. The amount of recom-
binant product detected by RT-PCR is also in agreement
with the amount of recombinant product estimated to be
required to induce the levels of P38 activity seen in
Fig. 4.
We have shown that recombination between cotrans-
fected nonreplicating plasmids, within a homologous re-
gion of the nonstructural genes as small as 105 nt (Fig.
2A, left), was capable of generating wild-type NS1 at
levels that resulted in significant activation of P38. Al-
though we do not know the precise location(s) of the
recombination events, the data in Fig. 2 demonstrate that
these events can occur in multiple regions of the non-
structural genes and suggest further that there are po-
tentially many more recombination events occurring than
are detected by our assay, which scores only the pro-
duction of wild-type NS1. In addition, there does not
appear to be a “hot spot” of recombination, as an appar-
ently linear relationship exists between the size of the
productive cross-over region and the level of P38 activity
detected, which is a measure of the production of wild-
type NS1 (Fig. 1B, left).
Recombination between parvoviral constructs has
been noted before; however, in all such cases strong
selective pressure was present to select for viable re-
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134 PEARSON AND PINTELcombinants (Merchlinsky et al., 1983; Senapathy and
Carter, 1984; Dupont et al., 1994; Brandenburger, 1996;
Allen et al., 1997; Kestler et al., 1999). It is interesting to
note that in the experiments we describe here, signifi-
cant levels of recombination are detectable in the ab-
sence of such selective pressure. These results demon-
strate that such recombination must be an abiding con-
FIG. 5. Recombinant-generated mRNA can be detected by RT-PCR
repared from A92L cells following transfection of p59D385, SV-1086UT
he figure was amplified using the RT-PCR strategy described under Ma
t was cleaved to 756 and 544 nt following diagnostic digestion with
eparated on a 1% agarose gel followed by Southern blotting with a
ontaining recombinant products; the 1300-nt product remaining in th
otentially contains parental AseI-containing products not digested by
sterisk is a nonspecific PCR band also present in samples from transf
ith the positions of the primer(s) used for both reverse transcription (re
erived from mRNA originating from the SV40 promoter are illustrated
roducts are shown in gray. The recombinant product(s) is illustrated.
lack is meant to indicate that detected recombination may have occucern in all experiments in which parvovirus-containing
plasmids are used, including studies of NS1 transactiva-tion, and in the generation of recombinant autonomous
parvoviral vectors for gene therapy applications. Interest-
ingly, we find similar results following cotransfection of
murine, rat, and human cells (data not shown), and so
P38 promoter activity, taken as a sensitive measure of
recombination efficiency of cotransfected templates,
could become a powerful tool with which to compare
ng cotransfection of p59D385 and SV-1086UTT. (A) 5 mg of total RNA
SV-WT-NS1 in the quantities and combinations indicated at the top of
nd Methods and illustrated in B. The undigested PCR fragment of 1300
seI or EcoRI as indicated below the lanes. Digestion products were
-specific probe. This assay was designed to directly detect EcoRI-
digested sample of the p59D385 and SV-1086UTT cotransfection also
nd rare recombinants within the site itself. The band marked with an
f the effector plasmid alone. (B) Cotransfected plasmids are illustrated
rimer only) and PCR (reverse and forward). Predicted RT-PCR products
he restriction site present at nt 1086 indicated. SV40 derived parental
gion of productive recombination denoted by the change from gray to
nywhere within this region.followi
T, and
terials a
either A
n MVM
e AseI
AseI a
ection o
verse p
, with trecombination potential of established cell lines. Our
results also demonstrate that very low levels of NS1 are
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135RECOMBINATION OF MVM PLASMIDSrequired to activate P38, which may also indicate that
NS1 can affect cellular processes at similarly low levels.
Given that recombination following cotransfection can
generate NS1 at these levels, the effects of NS1 in such
circumstances must also be anticipated.
MATERIALS AND METHODS
Cells and transfections. Murine A92L cells were grown
as previously described (Tullis et al., 1988). Transient
transfection assays were performed using Lipofectamine
and Plus reagent as recommended by the supplier
(Gibco BRL, Grand Island, NY). Unless otherwise speci-
fied, the template:effector ratio in cotransfections was 3
mg:1 mg/1.5 3 106 cells.
Plasmid constructs. The p385UTT reporter plasmid
consists of MVM nt 0–5050 and contains both a small
deletion in the right-hand hairpin of MVM, rendering it
resistant to NS1 maturation, and a deletion from nt 2652
to 3996 [the previously described pLLP-DH (Naeger et
al., 1992)] into which a 15-nt cassette containing trans-
lation termination TAA signals in all three reading frames
was introduced at nt 385. The deletion from 2652 to 3996
has been previously shown not to affect transactivation
of P38 (Naeger et al., 1992; Lorson et al., 1996). D260AUG
was constructed as previously described (Naeger et al.,
1992). D260AUG/652UTT contains a 15-nt cassette con-
taining translation termination TAA signals in all three
reading frames at MVM nt 652. p59D133, p59D385,
p59D514, p59D652, and p59D1086 were derived from LLP-
DH. p59D133 lacks the sequence between the AatII site
of pBR322 and the PmeI site of MVM at nt 133. A double-
stranded oligonucleotide [59-GATATCGTTT-39 (top), 59-
AACGATATCACGT-39 (bottom)], which forms an addi-
ional EcoRV site, was introduced at the site of recircu-
arization. p59D385 lacks sequences from the newly
reated EcoRV site at nt 133 of p59D133 to the EcoRV site
t nt 385 of MVM and so lacks MVM sequence from nt 0
o 385. p59D514 was constructed from p59D385 by re-
lacement of sequences between EcoRV at nt 385 and
hoI at nt 2072 with that of a clone that had been
utated to include an NheI site at nt 514 by site-directed
utagenesis. Sequences between the EcoRV site at nt
85 and the NheI site of this subclone were deleted, and
he plasmid was recircularized including annealed sin-
le-stranded oligonucleotides, 59-ATCTCGAGGC-39 (top)
nd 59-CTAGGCCTCGAGAT-39 (bottom), with compatible
nds and which recreated the EcoRV site and introduced
n additional XhoI site, and so lacks MVM sequences
pstream of nt 514. p59D652 was generated from
59D385 and lacks sequences between EcoRV (nt 385)
nd XcmI (nt 652) and contains additional sequence at
he recircularization site formed by the product of an-
ealed single-stranded oligonucleotides 59-GTACCAG-
TGTATAC-39 (top) and 59-TATACACCTGGTAC-39 (bot-om), whose product generated a BstZ171 site at nt 649.
59D1086 results from a deletion of the sequences be-ween the EcoRI site of pBR322 and the EcoRI site at nt
086 of MVM.
The SV40 early promoter-driven NS1 producing effec-
or plasmids SV-385UTT, SV-490UTT, SV-652UTT, SV-
15UTT, SV-1086UTT, and SV-1886UTT were derived from
KONS1/2 (Lorson et al., 1996) by introduction of a trans-
ation termination cassette at the designated nucleotide.
ach plasmid also included the same parental degener-
te sequence from 2016 to 2047, which changed the
rimary nucleotide sequence but coded for authentic
S1 amino acids, so that products from the effector and
emplate could be distinguished (Lorson et al., 1996).
V-2072 was also derived from pKONS1/2 by introduc-
ion of a translation termination cassette at nt 2072,
hich causes breakdown of the RNase digestion probe
ut does not contain the degenerate sequence from nt
016 to 2047. The NS2 producing plasmid, SV-NS2, was
erived from pKONS1/2 by replacing MVM sequence
rom EcoRV (nt 385) to HindIII (2652) with that of the
cDNA encoding the NS2 major isoform. SV-514peitwf
was derived from pKONS1/2 by replacing MVM se-
quence from EcoRV (nt 385) to HindIII (2652) with that of
the cDNA joining the large intron donor at nt 514 to the
small intron acceptor at nt 2377, resulting in the addition
of six additional NS2 amino acids, PEITWF, to the NS1
ORF after nt 514, with translation terminated at the nor-
mal terminator of the NS2 major isoform.
RNA isolation and characterization. Total RNA was
prepared from cotransfected cells at 44–48 h posttrans-
fection as described (Schoborg and Pintel, 1991). Occa-
sionally RNA was prepared 24 h posttransfection and
similar results were observed. Briefly, cells were lysed in
guanidine isothiocyonate followed by ultracentrifugation.
RNase protection assays were performed as described
(Schoborg and Pintel, 1991). The HaeIII fragment of MVM
from nt 1854 to 2378 was used to generate an antisense
RNA probe from an SP6-driven system. This probe was
used to detect authentically initiated P38 activity for all
reporter plasmids. P38 activity from the NS1 effector
plasmids was detected using the identical HaeIII frag-
ment, but containing the degenerate region from nt 2016
to 2047.
Differential analysis of recombinants by PCR. Five mi-
crograms of total RNA was subjected to reverse tran-
scription as previously described (Gersappe and Pintel,
1999) using the reverse primer, 59-CGGTAAACGAGAC-
CAG-39, which is homologous to nt 1614–1630. The DNA
product was then subjected to PCR amplification with the
above primer as well as forward primer 59-CCAGGAAGT-
GTTCTCATTTG-39, which is homologous to nt 330–350.
This PCR product of 1300 nt was digested with either
AseI or EcoRI and separated on a 1% agarose gel fol-
lowed by Southern blotting. The blot was hybridized with
a 32P-labeled probe generated by nick translation of a
PCR product of MVM nts 330–1630. Low-molecular-
weight DNA, used directly for PCR analysis, was isolated
44–48 h posttransfection (Hirt, 1967) and amplified by
CC
C
C
D
G
H
H
136 PEARSON AND PINTELPCR with the forward and reverse primers described
above. This DNA product was digested with either AseI
or EcoRI and separated on a 1% agarose gel followed by
visualization by ethidium bromide.
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